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(57)Abstract: 

PURPOSE: To provide a test device for semiconductor 
device capable of precisely testing the quality of the 
characteristic of a semiconductor device at high speed 
regardless of the characteristic of the semiconductor" 
device. 

CONSTITUTION: In a first test area which is a part of 
the whole test area of a semiconductor memory device 
1 . a prescribed data outputted from an input signal 
generating circuit 1 1 is stored in the semiconductor 
memory device 1. the quality judgment of the read data 
is conducted by an output signal judging means 1 2. and 
the result is outputted to a judgment result storing 
memory 14. On the basis of the judgment result stored 
in the judgment result storing memory 14, a CPU 13 
determines test conditions including the test condition 
of a boundary point where the judgment result is 
changed to good or bad quality. According to the test 
conditions, the test to the whole test area of the 
semiconductor memory device 1 is carried out by use of 

the input signal generating circuit 1 1 and the output signal judging circuit 12 to judge the quality 
of the characteristic. 
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[0 0 0 5] KT)m^■3^'JEm% 2 1 14. ttlJ'DlHlSg 2 1 
l,j*»^2 12. Uv^X^ 2 1 3 ^-^tf. U'v?;^^2 
1 3{t.^n^2 1 2ir^^0c^ix. T K u;^^'-^ OftfiK 

19. CPU 2 3 75^ib(73i!)f'^fg^(::/SCT/^W^2 1 2^- 
m^C07^-^^&tti;^1-5„ ^%^2 1 2(4t±l;;^lHl2g2 1 

1 t^i^^tu, u-v^;^;? 2 1 3;<i»t)(±i;'3#ix}tx-^* 
S«wFJt^(^T KU';^f^— ^^rf^BjcL. i±l;^)|Hlg&2 11-. 
yi;^-f-S„ (±j;^i[Hl!iS§2 1 1 i4^jSl*IStt^® 1 roit-f-A 
;'3f>-2 iriggS^n. Xt)^Mzr V'^:^'f—'?^^m 
[0 0 0 6] ^mw-tmmm. i (iffi^iz^^tufc-tr/i^ 

r-'^'^mmi.. m^-mt)i^>'3%:^i.xmM9^^\m 
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2 3(4, rcD-tlJ^ij*^?rS(', ^^j^y^E*fcl4TOiJiS® 

[0 0 0 7] ±fa(7:)J; ^tctl?J3£$ttfcx;^^ 2 0 

^mi^fzi¥^m-mmmm(0!i^^nm:>:)fmi,z'0\,^xt<im 

-t^. ^^fli|EtS$^e<7)1*t4Kl^wlo(cv'^i.7'ps/ 

hASfcSo ->:aA^U.;/ h t|4, ^ffiSS<0^@^^W^^N'7 

■!fm) C0 9*>2O(75K®^^{4/N5^-^*fc(4 3O(7)^ 
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^wS^?it^J:^Srff7i5H#[g5:ffli/^Ti/^S„ Ell l ■e(4, 
lljliajISrSSIIhl-i t) , 5. 5V~4. 5Va-t?0. 1 
V^j;?^{ci i7jf-<'>'H(^5||J!g®JIS:^fk$-ti:, |±l;^i$n 

^7'--^(r>Amm^'fT^io'^mt:miM>^t^ . 9 5n 

s~l lOnsS-Clns ^J;^(:: 1 6 ^-Y V 1> o-)^^0k 
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fe^L. T'^ntf^eo^SCiLTV^^o 111 

[0 0 0 9] ±m(OiyzLM.ya y hm^if^fi^i-^ 
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[0 0 1 1 ] *-r. ;^7"';/:/S 2 l^c:^5l^T. CPU 2 
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[0 0 13] Scld, :^y'y':fS2 3{Z:p6\,^X. CPU 2 

^±m^2 1 isxxj^mt}m^m^\3}m2 2{cm'^L. n 

[0014] mzi. :^'r yzfs 2 4(c:*3i/^T. mtiim^ 
#iJaeIhIS!§2 2fip:^;1gm«50aS^^*J^L. if(J^M*SrC 
PU 2 3--tU;^i-5o CPU 2 3itA:^^tlfz&^Wj^ 
Kg^ISm;^^ "A" X^rnti^'r^yy's 2 5 

[0 0 15] ^$)C{»1. ^^'ry'yS2 5{r4b^l^T. CPU 2 
[0 0 1 6] rXit^. y^'ry^S 2 6{c::foV^T. CPU 2 

3 \tmm(Dum^w-r^x{zn Lxmrnmr Lit^^^ 

U.m^i^i:t^'^^^fzi^:^y^yy'S 2 S^^n-r^o U 

mmT \^x\^^tnTi(k<Dmm(op:m^i^^^'^i-^fzi5^:> 

[0 0 1 7] :^'Ty:f'S 2 6(C:fe^^T. MWl^Of^ 
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[0 0 2 2] ±I£(7^ J: ^ (c:1--<Tc7:'^^^f4^(^>Pj- 
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[0 0 2 3] H 1 4 {CTTsi-X 0 (c. mii^^^ I ^Wy<y. 

30 :^-^^tv. mm^z.^2um^^y ?^-^^t^o a 

^n^j:^o rX^^. f^i:^m2K®^/N^;^-^f::^LT. IS 
«co^ 1 nf^y<y?( - ^ (n:5^^<Dmm^i^XUm^nyj: 
Oo ^m^^. iX7y<irWm0kWoyi^^ti "^fS" 

m^tx^x^ fzt^\t. ^^\3x^'^^m^wxd^<DU. 
lis ^^1 XTT^-mm^i^ t^^s XTjk-r^^^it^ t o 

fT^.^'5o 5^Si4(c:7j^i-|^^^f4^-t?co|^^;i^^;6s 
■Cfc^^'g-f^^'^g] 4 T'^i-^®^^#<ir ^Ri 3 

^n(Dmxh^^^\ 5 r^.i^r!^®^*f^T*ft(;:>i^^^fT7:^ 
^^sx7r-'t^m^\^o:>mm^^t^^ r^fc^:® 
-g^. ^^AX7r-^^m^{^tifk^bx^^'twm^wt(o 

W [0 0 2 4] U.±{:Lm-<fz^o\c^ i- ]} "^-i-^m 
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[0 0 2 51 ±IE<7)/<'r-^-ll1^-5=-^j!fe{::J;-5i^ 

10 0 2 6) S-f. J^^xs-rs 3 H:i*3l/''T, CPU 2 
[0 0 2 7] -(k^Z.^ ;^7"s'7"S 3 2(Ct5l^T. CPU2 
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[0 0 2 8] *-f, Xt^s/V'S 3 5(C*3^^T, AS=*IJ^ 
[0 0 2 9] ;^7^s/7'S 3 eCltSI/NT. 
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[0 0 3 0] ;^v^.y7'S 3 7{C*3V^r, -t-ra^^iT) 

[0 0 3 1 1 ^xs'T'S 3 7T' "ft" iWi^^tifcii 

(0 0 3 2] — ;^7^-;/7'S 3 7(C*il,^-C. "T^ft" 

[0 0 3 3] J£i,±co*iiS(-J; 19. iftl^^feft^NtKi^^f^ 
cDrHllCft/^ft(7)^#^.2)S#ffi-rs r t (i/tS„ 

[0 0 3 4] jiictc. 7.y--y:fsz^\,z.m^x^ 

il#^T-#5<0T-. ;^x-v'rs4 0'^^^Ti--5o P^pP: 
S^^!bf+-e;iltixfi\ ft/^ft<0^^^ttl*i^lfefrN tl* 

[ 0 0 3 5 1 ^xs/T'S 4 OJrfcl/^T. ft/^ft 

co^lf-^t^j:^ "A" rosKfvh 4:7*0 hfSc iy,Ji 
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Mb i t coii^^j^.<*iEitKBto»-g-. ±nmmm^m'^<D 
m.f^^i^x^^i^tct-t^t. m4. emm^mL. t^- 
n\z^^tmm^-B'^tfi:r>x\>^tzo :L<r>p^m.n- 

[0 0 3 7] *7t. P:s^B#M*Sffi-t-s:;^&<!: UTH^e 
^nTi/^S^^-f •:^y -f— f^^)£»c:*3^^T«*. ft/¥ft<7) 

20 T(4^^fflT•§:/^^^t^^^)Pp^ei,'^7)Sfoofc„ Si etc, ft 

( ) /^ft (256) o->m.n*m^hi>^-mw-^m. 
^esr^s^bfc#-a-<o->zL Ap^o J, Ma^r^-To mi 6 

(C'T<-t-J; 9 (c, ft/^ft60^#7>sai!Sfo5®-^(4. 
-?:roflilO«#ttSim$tVTL.S 5o mi 7\C, mi6»w 

d^eeil e.A^'i J; 9 (c, ft/:^ft<?3^#(± 1 o/£it;!55^tttl 

[0 0 3 8] ;$:|i|BJ(±±fa§^S^m-r-5)tJ60'bOT- 
lc:il£^<*:igecoi|fttwftS=Sr^il-rs r t A^X^ 
[0 0 3 9] 

40 #^4c7)ftg^col,^rp:^^r^T'^c^lmlP:i^^lfe<!:. mi 

l*§fe^^(cJ:t)#feiX7t#14wft5ii$«:S:S»c. '>^i< 
t ttttttoftS^TJS^Efki-S^ 1 S*i^*f4=Sr^;^. ffi?!*© 

^:fe^n:tm2Sitii^f'|--{c*fi-Siti#ft:agE»!|#i4OTft 
[0 0 4 0] 

[f^ffli :^mm<r)^!-mt^mm.<npi.^mm.izi6\'-^xi-i. ± 
^mm(o-^x»3i>mi^i^mmizis\>^xm^(r>u^ 

so ikW-t-^X[Z.n LTi|^j^i*ilfiC0#tt(7?ftS=(-oi^T^ 
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i^t:^mir:5<DX\ m2U^^mt. 'r-<x(r>m.m^n' 
^mi^mmcon^<D^^i,;i^\,^x^^mmm^m.m-t 

[0 0 4 1 ] 

[0 0 4 2] mi (^4oi/^r. T:^^ 1 0\±. XMb^-^^ 
±(ElgSl 1. t^!^:^mm\\'&m^l 2. CPU 

AOf^s^s) 1 3. m'^^mm?^^ ') i 4Sr^tfo cp 
(omv^^um-r^o AMt^^^m'^i u*. cpui 

[0 0 4 3] ^mwrnsMm 1 f±A;/:)ft-^^g^{p]if& 1 1 
1 4*3j:tj«cpui 3-.ttj;^j-r^, *ij;^:*smffitt;^ 

*iJ^*J:S:Srffi1tL. i^^^(ciJ;i:TCPU 1 3-.tB;^-r 

[0 04 4] At)m-^m±m^ 1 i ji. ttij^^K 1 1 

1. iSSESl 12.^1 113.^2 l/i/;^^^ ^61 

114. ■g3^;^-r ^/-^ 1 1 SSr^tfo ®l i-v^:^^ i 1 
3fi, ¥-»f*lfiiicaS?gl ^7:^p<^ySffl<^1--<-r^i^i^i- 
5 J^) (75 A;^ ft # 3S^i- 5 (7> /^f^- <Sr g X T 
^^^o ^^fl^lSiti^glc75^^@^giJ«(::^;,-& 

1 1 4 ^^^IStiaSa 1 <^fS»^fico-jS5^o;^4: 
^S^i" S a6 CO A;':? m# S CO tcj£i.^/^ v^— ^ 

T \^^i^:^<r>M±m. m^hmmx^^^ m^:^-(y^l 1 
5(i^l 1 1 3 4t5<i;t/m2 Uv^;:?.^ 1 1 4 ctj8 50 , 
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Slco±|^!^mt5K^P:@^1-5^'^(l. \^'y:^^ l 1 

1 2-.t±l;;^?$tLSo ^i^«I*§!c<75-Sfp<;5;^^^s^-r 

^m^\±%2\^^^y:7.^ 1 1 4;6S«J^$fis 

iiE(«imLfcx-^7)^?g®§?i 1 2--tti;^^n5o 

§^1 1 2(1. % \ l^iy:^^ 1 1 3$7tm?2 1 

1 4;6^e>A;^$nfc7'— ^^S{cBfT^6or Ku:^-r-i^ 
^ftiSL. aj^lHlSSi 1 l-^tti;^'r>5. ttl;^(HlKi 1 1 

ia-^A;^ t'>'2 Srrn^LTH^ig^^iffitia^a i ^miiirho 
±fS(^r Ku>^'x->5^^^^(7)a*s^ffl7='->5?jitsjfccoxy^ 

[^'AMt^-n'^m^ I 2\t. 7\iimi%i 2 1. g^^ffj^® 

ggl 2 2?r^tf. A;^/m-^^:^lEl^ 1 I f)^hmt^^thfz 
-tryUT^-^ ^tfilt Lfc^sgMetta^gfi 1 (ItBtS L/cir/u 
T^-i^^^^t/lj^mL. ft-^tti;^fc:->'3=^:n^LTA;^lHlIiS 

2 1 ^::^^LT^§4^lJ;£lHii^&l 2 2 --m;^:) ^^5. 

2 2K\t.^^^i 1 2t^h^^\^f-^j\.7'-^ 

A;^$n/c-fe:/Ux-^(!r^i:t^L. I^tt ^iS^n'&'t 
1 4-^¥(J^^^^*,;^j-^5o *yA£,1iS^feti;^^U 1 4 11 

ym.m^(r>-U(0]^^oyn'^^W:^w.'^\^. cpuis 

(ISeift ^ n5tW^*S»;6^ h . #tt;5? A * 7t fl^ A t-l^ ft 

-^SA/^aoit#,'^.^g§iSiJ-r^o CPU.l 3(«!5iJL 

5^c0f^<7)^^^f4:^^^L. A;^m-^^^laISg 1 i 
[0 0 4 5] m:^^ ±.Uo:>X.o\<zm\^^ixf^T'y^^o:>m 

[0 0 4 6] y^'r-/:fS 1 (C:*51NT. CPU 1 3 

(1. m 1 uv^;^^ 1 1 3 (c^^Sf«£it^E 1 (D±P:mM 
ctf^R^tc. m2 ui:^:^^ 1 1 4 {::±umfmLo:>— 

S/J>PIc?:>®^^5S:^-r;n.f^ cfci^ (a 3 i ^i^^ig(7:> 

isiei C7:)feti^ft7!i^6 4Mb i tr-fe^t Lfc^t. m 

I^Xtt.I. tiT itLT h^u:^o:>l Kb i t co^P^^^^l^®^ 
gi^ch LT^^ffit-^r <t;6ST't5„ L/ctHSoT. mi U 
1 3(c:(i, 6 4Mb i t o-)-t^x<r>w.mW^k^ 
T^-lr;^i->5fi?r^^L. ^2 Uv^>^>5^ i i 4 (^KlT-fi 
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1- *l-t--5i*^*»ff-r5„ CPU 13(4. ^m^-r:y^ 
1 1 5 --Ig 2 uv';;'. jj, 1 1 4fflS:jg^-t-S J: o l^m^ 

wv?;^^ 1 1 4l}^h'm^(r>7'~^tmi^^i 1 

2- -^tti;'3$n5. SI»S&i 1 2f4Sl»bfcT K^';^r'- 
^'^^tl;^llHli^gl 1 x^^i.x^mm^i&.mm.i^mts^ 

-fe/u-x-:? Srfft>TO A;'3lEl8S 1 2 1 ^^n^ LT&S W 
[0 0 4 8] y-ys 3{Z}i\.^X. A??-tlJ^[il 

ss 1 2 2 wAgw«:^;SiS^^iiNj^^miEts^ ^ y i 4 
iii;^-r5, *ij^jiS*i5ti> ^ y 1 4f4A;^^4xfc*ij^*s 

Id 0 4 91 jS*:(C, ;:^7"3'7°S 4(C:(oV^-C. CPU 1 3 20 

it^i ^ r i: J: 0 . i|i^i*:|ElS^e 1 wtKi&roil^tt^tt 
1 ^mmMit UT^K^MlSro 6 4 ^^-(75 1 (Di^f^MllEiS: 

[0 0 5 01 ^^T's'ys 5{::ib-l^T. C PU 1 3 

(4, fiJ^^:^l5lt/ ^ y 1 4JcIElt^ixfcSS^fiJ^iiiS* 

ipid, (^a) ( ) 

BS) rt{;igxf>tl-So fci:x(4\ ^'^.i^P 1 14-^ N y -y 
^';^*tWffiKT'Hx.»4\ l#@T'/ii^o<||$(lico4# -^0 

xfSr i:;«Snr^T'fc5„ *fc. I14TM4. 1 o 

[0 0 5 11 2>ctc. >5.7"s/7°s 6^c:io^^■c, f*@lffl«cSr JO 
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±^m.nm^m^^i>o cpui3J4, xtm^^^m 
sg 1 1 1 i^^M«?i^e5^^s^^*iE--^ife 

;t^)J; ^ti^Sri-?)o A;tl{t^l§:tlHl8S 1 1 T'(4. 
^^l' .y^l 1 5;SSM2 Uv=;^i? 1 1 4d^e>^l U'v^^;? 
1 1 3'-Sig!=£rm;t5o roiiS*. SliiSi i 2!4»f) 
tUj'j^tuST Ku^x-^J4^«il«glgc{c:mL7tT K 

[0 0 5 21 iJclC. ;=!.xs/7'S 7(C*Jl^T. CPU 1 3 

[0 0 5 31 m:i. ^'ry:fS SfriJt^T, CPU 1 3 

(4^#,'Sftifi<?3^ffl^-r S -i;^ 5^ >- ^ UtT-r 
[0 0 5 41 ^|^,'^.#ifi(75;^aiJ^-rS-t'->^/l'-f^V(ro 

5 T-3fti6fc#ttWft/^S(75l^^^l4^®^ffi 

iit^ffltilc*c:t3JtSP:^*f4(4**';>fc^/^SWJg5^i,#,o 

J: 9 . a/T^«^«#^^tfetU LIE 

wpti^^fij^ win \-mm. ^ tb 5 ^ jgcft^E co^ii*?) 14 1> 
[0 0 5 51 HI 5 14, i^^iimvL^^^m^^^wn-t 

5lllt?fo^)o HI 5 tC7l5i-J; 5 {c, l^lli^Sr-^'^t UT, 

&ffil--3 > hilli/ufc,^5rsil:®4*ftL i :&{Hi]--3 

^{|i|'^IW!!>C?;f^<73^^*#T'^^^ff /J 5 c S^*'J^f5 

Lr "A" o-^m^i^mz.Ws'k^zM^xnm^^h lt 

[0 0 5 61 ¥^m.%L^\^i)^h^^9k\i^'Rnm^\'k 
tL-C "A" <^^-*^q#bttT^^5^»J*»bW^SrM46•r 

[0 0 5 71 jfiAT. ^#,^{^ifico;v-ffly^«i^7'/i— f^-v- 
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• * NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the ori 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the testing device of the semiconductor device which examines about the 
quality of the property of a semiconductor device over two or more test conditions, especially, this 
invention changes two or more test conditions continuously, and relates to the testing device of the 
semiconductor device which creates the SHUMU plot which displays a quality judging result in the 
shape of a matrix. 
[0002] 

[Description of the Prior Art] High integration of a semiconductor device is attained by advance of 
semiconductor technology, for example, the storage capacity of a semiconductor memory is increasing 
by leaps and bounds in the past several years. If it is going to examine about the quality of the property 
of all test areas to the semiconductor device which has such a mass storage capacity, test time will also 
mcrease by leaps and bounds with increase of storage capacity. Development of the testing device of the 
semiconductor device which is a short time and judges the quality result of an exact property is strongly 
desired under such a background. 

[0003] Hereafter, it explains, referring to a drawing about the testing device (it abbreviates to a circuit 
tester below) of the conventional semiconductor device. Dravying 10 is the block diagram showing the 
configuration of the important section of the conventional circuit tester. 

[0004] In drawi n g IQ , a circuit tester 20 contains the input signal generating circuit 21, the output signal 
judging circuit 22, and CPU (arithmetic and program control)23. It connects with the input signal 
generating circuit 21 and the output signal judging circuit 22, and CPU23 controls actuation of each 
part. By the operating command outputted from CPU23, the input signal generating circuit 21 creates 
the predetermined data for a trial, and outputs the data for a trial to a semiconductor memory 1 through 
the signal input pin 2 grade of a semiconductor memory 1 . It consists of control data which control each 
actuation of the store of the address data which specify the address of the memory cell in a 
semiconductor memory 1, the cell data stored in the memory cell, and a semiconductor memory 1, read- 
out, etc. as data for a trial. Here, generating circuits without the direct relation to the meaning of this 
invention, such as a cell data and control data, etc. omit illustration and explanation, and explain them 
below about address data at a detail. 

[0005] The input signal generating circuit 21 contains an output circuit 21 1 , a computing element 2 1 2, 
and a register 2 1 3 . It connects with a computing element 2 1 2, the maximum of the address of data 
required for creation of address data, for example, all the test areas of a semiconductor memory 1, the 
minimum value, etc. are memorized beforehand, and a register 213 outputs predetermined data to a 
computing element 212 according to the operating command from CPU23. It connects with an output 
circuit 21 1, and a computing element 212 creates predetermined address data based on the data 
outputted from the register 21 3, and outputs them to an output circuit 21 1 . It connects with the signal 
input pin 2 of a semiconductor memory 1 , and an ou^ut circuit 21 1 inputs the inputted address data into 
a semiconductor memory 1 . A semiconductor memory 1 memorizes the cell data separately transmitted 
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• in the predetermined memory cell based on the inputted address data. 

[0006] Next, a semiconductor memory 1 outputs the written-in cell data to the output signal judging 
circuit 22 through read-out and the signal output pin 3. The output signal judging circuit 22 includes an 
input circuit 221 and the quality judging circuit 222. The cell data outputted from the semiconductor 
memory 1 is mputted into the quality judging circuit 222 through an input circuit 221. The quality 
judging circuit 222 is connected with a computing element 212, and the expected-value data showing 
the cell data which the input signal generating circuit 21 made memorize are inputted from a computing 
element 212. The quality judging circuit 222 compares expected-value data with the read cell data, and 
judges the quality of a property. A judgment result is outputted to CPU23, and based on this judgment 
result, CPU23 displays a test result on a display or an airline printer (illustration abbreviation), and 
becomes possible [ getting to know about the quality of the property of a semiconductor memory 1 ]. 
[0007] Next, the approach of the characteristic test of the semiconductor memory using the circuit tester 
20 constituted as mentioned above is explained. One of the characteristic tests of a semiconductor 
memory has a SHUMU plot. A SHUMU plot examines by two or more test conditions to which two test 
condition parameters or three test condition parameters were changed at the predetermined spacing 
among some kinds of test condition parameters (for example, supply voltage, input timing of various 
signals, etc.), plots the quality judging result in the shape of [ of two-dimensional or a three dimension ] 
a matrix, and examines the property of a semiconductor memory. 

[0008] An example of a SHUMU plot is shown in drawing 1 1 . The time amount which performs the 
quality judging of the data outputted as a test condition parameter from the supply voltage and the 
semiconductor memory which are given to a semiconductor memory is used. In drawing 1 1 , the time 
amount which performs the quality judging of the data which the supply voltage of i T points is changed 
to 0. IV unit to 5.5V-4.5V for an axis of ordinate, and are outputted in supply voltage is changing the test 
condition of 16 points to the unit for 1ns for an axis of abscissa from 95ns till 1 10ns. Consequently, 1 1 
points X 16 points = a trial is carried out by each test condition of 176 points, if a test result is "good", 
"*" will be displayed on that point, and if "poor", it is leaving in the null. By displaying as a SHUNfU 
plot shown in drawing Jl , it becomes possible to recognize the quality of the test result to two or more 
test conditions at a glance. 

[0009] Next, in order to create the above-mentioned SHUMU plot, the sequence of carrying out each 
test condition is explained. Djawing.I2 is drawing showing the sequence of carrying out each test 
condition. As shown in drawingJ2 , each test condition is carried out in sequence as an arrow head 
shows. First, after examining changing the 1st trial parameter of an axis of abscissa at the predetermined 
spacing after fixing the conditions of the 2nd trial parameter of an axis of ordinate and completing a trial 
to all the test conditions of an axis of abscissa, the test condition of the 2nd trial parameter of an axis of 
ordinate is changed at the predetermined spacing, and it examines similarly, and it repeats until a trial is 
completed about all test conditions. 

[0010] Next, acttiation of the conventional circuit tester which creates the SHUMU plot shown in 
drawin g 12 is explained below. Drawing_13 is a flow chart explaining actuation of the conventional 
circuit tester. The flow chart shown in drawing.i3 is beforehand memorized as a program by the storage 
in CPU23, and when CPU23 performs the program if needed, it is realized. 
[00 11] First, in step S21, CPU23 sets up the initial value of the test condition of an axis of ordinate. 
[0012] Next, in step S22, CPU23 sets up the initial value of the test condition of an axis of abscissa. 
[0013] Next, in step S23, the input signal generating circuit 21 and the output signal judging circuit 22 
are ordered CPU23 so that it may examine by the set-up test condition, and it performs a trial. 
[0014] Next, in step S24, the output signal judging circuit 22 judges the quality of a test result, and 
outputs a judgment result to CPU23. Based on the inputted quality judging result, CPU23 will shift to 
step 825, if a test result is "good", and if "poor", it will shift to step S26. 

[0015] Next, it sets to step S25 and CPU23 displays "*" on the location which shows the predetermined 
test condition of a SHUMU plot. Since step S25 is skipped on the other hand when judged with it being 
"poor", nothing is displayed on a SHUMU plot. 

[0016] Next, in step S26, it checks whether the trial has ended CPU23 to all the test conditions of an 
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• axis of abscissa. If the trial is not completed, in order to set up the test condition of the foUowinc axis of 
abscissa, it shifts to step S28. If the trial is completed, in order to set up the test condition of the 
foUowmg axis of ordinate, it shifts to step S27. 

[001 7] Next, in step S26, when it is judged that the test condition of an axis of abscissa is not completed 
and It shifts to step S28, CPU23 changes the test condition of an axis of abscissa into the following test 
condition, shifts to step S23, and repeats subsequent processings. 

[0018] On the other hand, when it is judged that it ended about all the test conditions of an axis of 
abscissa in step S26. in step S27, it checks whether the trial to all the test conditions of an axis of 
ordinate has ended CPU23. If the test condition of an axis of ordinate is not completed, and it carried out 
after that to step S29 and has ended to it in order to set up the following test condition, since the trial to 
all test conditions is completed, processing will be ended. 

[0019] Next, when it is judged that the test condition of an axis of ordinate is not completed in step S27 
and it shifts to step S29, CPU23 sets up initial value as a test condition of an axis of abscissa 
[0020] Next, m step S30, CPU23 changes the test condition of an axis of ordinate into the following test 
condition, shifts to step S23, and continues subsequent processings. 

[0021] By the above actuation, a circuit tester 20 carries out the trial to all test conditions in the 
sequence of the test condition shown in drawing J2 , and becomes possible [ creating the SHUMU plot 
showing the quality judging result of each test condition ]. 

[0022] Next, the trial to all test conditions is performed as mentioned above, and a SHUMU plot is not 
created, but by examining in predetermined sequence explains below creation of the SHUMU plot by 
the binary search technique which can shorten test time. Drawing 14 is drawing explaining the test 
procedure by the binary search technique which used the conventional circuit tester. 
[0023] As shown in dmMQgM , the 1st trial parameter is taken along an axis of abscissa, and the 2nd 
trial parameter is taken along an axis of ordinate. First, after fixing the 2nd trial parameter of an axis of 
ordinate to predetermined conditions, it examines by the test condition at the left end of the 1st trial 
parameter of an axis of abscissa. Next, it examines to the same 2nd trial parameter by the test condition 
at the nght end of the 1st trial parameter of an axis of abscissa. The result of the test condition shown by 
the arrow head 2 serves as "good" ("♦"), and that the result of the test condition shown by the test result 
and the arrow head 1 is "poor" (null), and when both test judging results differ, both middle point is 
examined. Here, the next trial is perfonned as a middle test condition by the test condition shown by the 
arrow head 3. When a test result is "good" at this time, the next trial is performed by the test condition 
between the test condition shown by the arrow head 1, and the test condition shown by the arrow head 3 
for example, the conditions shown by the airow head 4. When the test result in the test condition shown ' 
in an arrow head 4 is "poor", the next trial is performed by the test condition shown by the arrow head 5 
which It IS between the test condition shown by the arrow head 4, and the test condition shown by the 
arrow head 3. Since between the test condition shown by the arrow head 4 and the test conditions shown 
by the arrow head 5 serves as the boundary point of good/defect when the test result of the test condition 
shown by the arrow head 5 is "good". "*" is plotted into the part of the test condition shown by the 
arrow head 5. 

p024] Sincej he boundaiy poi nt_a£gQad/defect can he specified without evgn iininp to all test condi tions 
by examining by me test condition in the meantimewhen the binary search ^hn ique examineshyn^n 
differenttest condmonras-Stated above, a nd test results diftisr, it becomes p ossible to shnrfan tf<:t^>^ 
ForexSnpe. to nine test conditions, by examining by five test conditions, the boundary point of 
good/defect can be specified and test time is shortened by 5/9 in dravying 14 . By examining the above- 
mentioned processing to each test condition of the 2nd trial parameter, the whole test time can be 
shortened similarly and it becomes possible to create a SHUMU plot at a high speed. 
[0025] Next, actuation of the conventional circuit tester by the above-mentioned binary search technique 
is explained. Drawing 1$ is a flow chart explauiing actuation of the conventional circuit tester by the 
binary search technique. 

[0026] First, in step S31. CPU23 sets up initial value as a test condition of an axis of ordinate. 
[0027] Next, in step S32, CPU23 performs the subroutine which performs test activation by the binary 
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search technique. The subroutine of the test activation by the binary search technique is processed as 
follows. 

[0028] First, in step S3 5, it examines by the test condition N which shows "good" as a quality judging 
result, and the test condition M which shows a "defect." 

[0029] Next, in step S36, it examines by the test condition L of the midpoint of a test condition N and a 
test condition M. 

[0030] Next, in step S37, the quality judging in the test condition L of a midpoint is performed. When a 
judgment result is "poor", it shifts to step S4I, and in the case of "good", it shifts to step S38. 
[0031] When judged with "good" at step S37, in step S3 8, a test condition N is transposed to a test 
condition L. 

[0032] On the other hand, in step 837, when it is judged that it is "poor", in step S41, a test condition M 
is transposed to a test condition L. 

[0033] By the above processing, the boundary point of good/defect will exist between a test condition N 
and a test condition M. 

[0034] Next, in step S3 9, it checks whether a test condition N and a test condition M are ****** test 
conditions. Since the boundary point of good/defect can be specified when it is a ****** test condition, 
it shifts to step S40. If it is not a ****** test condition, since the boundary point of good/defect may 
exist between a test condition N and a test condition M, it will shift to step S3 6 and will examine again 
about the test condition L of a midpoint. 

[0035] Next, in step S40, the point of "good" used as the boundary point of good/defect is plotted. 
Without examining to all test conditions, the test condition used as the boundary point of good/defect 
can be specified, and the above processing enables it to create a SHUMU plot at a high speed. 
[0036] 

[Problem(s) to be Solved by the Invention] Since the conventional circuit tester is constituted as 
mentioned above, in order to extract a SHUMU plot as a characteristic test, the trial needed to be 
repeated to all the test conditions set as the axis of ordinate and the axis of abscissa, and there was a 
trouble that test time became very long. For example, supposing it examined all test areas by the 
predetermined test condition in the case of the semiconductor memory of 16Mbit, about 4.6 hours was 
required and very huge time amount was needed. Moreover, this test time increases by leaps and bounds 
with the increment in the capacity of a semiconductor memory, and becoming a problem bigger fixture 
still is expected. 

[0037] Moreover, in the binary search technique currently developed as an approach of shortening test 
time, there was a trouble that it could not be used to the semiconductor device in which the property that 
the boundary point of good/defect exists more than plurality is shown. The SHUMU plot at the time of 
examining the semiconductor memory which has two or more boundaries of good ("♦")/defect (null) in 
drawmg,16 is shown. As shown in drawing 16 , when there are two or more boundaries of good/defect, 
in order to detect only one boundary, other boundaries will be disregarded by the binary search 
technique. The SHUMU plot at the time of examining the semiconductor memory which has the 
property shown in drawing 17 at drawing 16 by the binary search technique is shown. Since, as for the 
boundary of good/defect, only one was detected and the other boundary points were not detected so that 
clearly from drawing 17 , the quality judging result in which it completely made a mistake was 
displayed, and there was a problem that exact evaluation was unrealizable. 

[0038] This invention is for solving the above-mentioned technical problem, and it aims at offering a 
high speed and the testing device of a semiconductor device which can examine the quality of the 
property of a semiconductor device correctly irrespective of the property of a semiconductor device. 
[0039] 

[Means for Solving the Problem] In the 1st test area whose testing devices of the semiconductor devic e 
of this invention are a part of all test areas of a s emiconductor device A 1st trial means to examine about 
the quality of the property of a semiconductor device over two or more test conditions. In a decision 
means to determine the 2nd test condition which is a part of two or more test conditions based on the 
quality result of the property acquired by the 1st trial means including the 1st test condition from which 
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• the quality of a property changes at least, and all the test areas of a semiconductor device A 2nd trial 
means to examine about the quality of the property of a semiconductor device over the 2nd test 
condition determined by the decision means is included. 
[0040] 

[Function] In the testing device of the semiconductor device of this invention, since it examines about 
the quality of the property of a semiconductor device to two or more test conditions of all in the 1st test 
area which is a part of all test areas, a perfect quality test result can be obtained. Since the 2nd test 
condition which is a part of two or more test conditions is determined based on this test result including 
the 1st test condition from which the quality of a property changes, the 2nd test condition has few those 
numbers than all test conditions, and turns into a test condition including the test condition from which 
the quality of a property surely changes. All test areas are examined about the quality of the property of 
a semiconductor device over this 2nd test condition. 
[0041] 

[Example] It explains referring to a drawing hereafter about the testing device (a circuit tester is called 
below like the conventional example) of the semiconductor device which is one example of this 
invention. Drawing 1 is the block diagram showing the configuration of the important section of the 
circuit tester of one example of this invention. 

[0042] In drawing 1 , a circuit tester 10 contains the input signal generating circuit 1 1, the output signal 
judging circuit 12, CPU (arithmetic and program control)13, and the judgment result storage memory 
14. It connects with the input signal generating circuit 1 1, the output signal judging circuit 12, and the 
judgment result storage memory 14, respectively, and CPU 13 controls actuation of each part. The input 
signal generating circuit 1 1 answers the command signal of operation outputted from CPU13, creates the 
data for a trial, and inputs them into a semiconductor memory 1 through the input signal pin 2. As data 
for a trial, it consists of cell datas stored in the address data and the predetermined memory cell which 
specify the address of the memory cell in a semiconductor memory 1 as usual. Although a cell data etc. 
is inputted into a semiconductor memoiy 1 like the conventional circuit tester, since the meaning of this 
invention does not have direct relation, the generating circuit of a cell data etc. omits the explanation 
while omitting illustration. 

[0043] A semiconductor memory 1 outputs the cell data memorized based on the data for a trial 
outputted from the input signal generating circuit 11 to the output signal judging circuit 12 through read- 
out and the signal output pin 3. The output-signal judging circuit 12 compares the inputted cell data with 
the expected-value data outputted from the input signal generating circuit 1 1, and outputs the judgment 
result of a quality to the judgment result storage memory 14 and CPU13. The judgment result storage 
memory 14 memorizes the judgment result of the quality outputted from the output signal judging 
circuit 12, and outputs it to CPU 13 if needed. 

[0044] The input signal generating circuit 1 1 contains an output circuit 1 1 1, a computing element 1 12, 
the 1st register 1 13, the 2nd register 1 14, and a change-over switch 1 15. The 1st register 1 13 is storing 
data required to generate the input signal for examining all the memory space of a semiconductor 
memory 1. For example, they are the maximum of the address corresponding to all the test areas of a 
semiconductor memory 1, the minimum value, etc. The 2nd register 1 14 is storing data required to 
generate the input signal for examining a part of monoiy cfq>acity of a semiconductor memory 1. For 
example, they are the maximum of the address corresponding to the predetermined field of a test area, 
the minimum value, etc. A change-over switch 1 15 switches connection between the 1st register 11 3 and 
the 2nd register 1 14, and a computing element 1 12. That is, when examining all the test areas of a 
semiconductor memory 1, the 1st register 1 13 is specified and the data corresponding to all test areas are 
outputted to a computing element 1 12. Moreover, when examining a part of test area, the 2nd register 
1 14 is connected, and the data corresponding to a predetermined test area are outputted to a computing 
element 1 12. A computing element 1 12 creates predetermined address data based on the data inputted 
from the 1st register 11 3 or the 2nd register 1 14, and outputs them to an output circuit 111. After an 
output circuit 1 1 1 operates the inputted address data orthopedically to a predetermined wave, it is 
ou^utted to a semiconductor memory 1 through the signal input pin 2. Data for a trial other than the 
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• above-mentioned address data are created like the conventional circuit tester, and are inputted into a 
semiconductor memory 1. The output signal judging circuit 12 includes an input circuit 121 and the 
quality judging circuit 122. The semiconductor memory 1 which memorized the outputted cell data 
outputs the memorized cell data to an input circuit 121 through read-out and the signal output pin 3 
again from the input signal generating circuit 1 1 . The read cell data is outputted to the quality judging 
circuit 122 through an input circuit 121. The expected-value data in which the cell data memorized from 
the computing element 1 12 is shown are outputted to the quality judging circuit 122, this expected-value 
data is compared with the inputted cell data, and the quality of a property is judged. The quality judging 
circuit 122 outputs a judgment result to CPU13, when the judgment result of a quality is a diing to all 
test areas, and when it is a part of test area, it outputs a judgment result to the judgment result storage 
memory 14. The judgment result storage memory 14 memorizes the judgment result of some qualities of 
a test area, and CPU13 discriminates the boundary point of good/defect from which a property changes 
to good or a defect from the memorized judgment result. Based on the identified boundary point, CPU 13 
sets up a predetermined test condition including the test condition from which the quality of a property 
changes, and it orders it it so that all test areas may be examined by the test condition to the input signal 
generating circuit 1 1 . 

[0045] Next, actuation of the circuit tester constituted as mentioned above is explained to a detail. 
Drawing 2 is a flow chart explaining actuation of a circuit tester. 

[0046] First, in step SI, CPU13 sets up data required to generate the input signal which examines the 1st 
predetermined test area which is a part of all test areas to the 2nd register 1 14 at the same time it sets up 
data required to generate the input signal which examines all the test areas of a semiconductor memory 1 
to the 1st register 113. What is necessary is just to set up the minimum field in the field which shows the 
rough property of the semiconductor device examined as the 1st test area. An example of the 1st test 
area is shown in drawing^ . As shown in drawing 3 , for example, when the storage capacity of a 
semiconductor memory 1 is 64Mbit, the part of 1Kbit of the lower address shown with the slash can be 
used as the 1st test area. Therefore, what is necessary is to set the value which accesses all the record 
sections of 64Mbit to the 1st register 1 13, and just to set the value which accesses only the part of 1Kbit 
of a lower address to the 2nd register 114. 

[0047] Next, the trial to the 1st test area is performed in step S2. It is ordered CPU13 so that the 2nd 
register 1 14 side may be connected to a change-over switch 1 1 5, and predetermined data are outputted 
to a computing element 1 12 from the 2nd register 114. A computing element 1 12 outputs the calculated 
address data to a semiconductor memory 1 through an output circuit 111. Moreover, data for a trial, such 
as a cell data, are also inputted into a semiconductor memory 1 at coincidence. A semiconductor 
memory 1 outputs the cell data which read the memorized cell data to the quality judging circuit 122 
through read-out and an input circuit 121 again. The quality judging circuit 122 compares the expected- 
value data of the cell data outputted from a computing element 1 12 with the read cell data, and judges 
the quality of a property, 

[0048] Next, in step S3, the quality judging circuit 122 outputs the judgment result of a quality to the 
judgment result storage memory 14. The inputted judgment result is made to correspond with a SHUMU 
plot and the location of the shape of a matrix it was made to correspond, and the judgment result storage 
memory 14 memorizes it. 

[0049] Next, in step S4, it checks whether the trial of all the test conditions over the 1st test area has 
ended CPU13, If the ttial is not completed, after shifting to step SI 1 and changing into the following test 
condition, it shifts to step S2 and a trial is performed again. If the trial is completed, it will shift to step 
S5. By performing the above-mentioned processing, it becomes possible to examine the property of the 
outline of a semiconductor memory 1 comparatively for a short time. Here, since 1/64 of the test areas of 
all test areas are examined as the 1st test area, test time drops to 1/64 of the test time of all test areas. 
[0050] Next, in step S5, CPU13 searches the test condition from which a property serves as the 
boundary point of good/defect which changes to good or a defect based on the quality judging result 
memorized by the judgment result storage memory 14. The SHUMU plot showing an example of the 
test result of the 1 st test area in drav^ng 4 is shown. As shown in dravying4 , it is stored in the main 
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storage (illustration abbreviation) which is made to correspond to the test condition of each boundary 
point which changes from it being "poor" (null) to "good" ("*") with the location on a matrix, and has it 
in the interior of CPU13. For example, if it says in a matrix-like location, the boundary point PI is the 
1st of an axis of ordinate, and will call it the 4th of an axis of abscissa. Since the data about these 
boundary points are memorized in main storage, they can access a high speed. Moreover, although 
drawing 4 shows the SHUMU plot in case the number of boundaries is one, since the trial is performed 
to all test conditions even when there are two or more boundaries, it is possible to detect all boundaries 
correctly. The above processing enables it to detect the data about the boundary point of perfect 
good/defect in the 1st test area which is a part of all test areas. 

[005 1] Next, in step S6, a test area is switched to all test are as CPU 13 orders so that a test area may be 
switched to the input signal generating circuit 1 1 from the 1st test area to all test areas. In the input 
signal generating circuit 1 1, a change-over swdtch 115 switches connection to the 1st register 113 from 
the 2nd register 1 14. Consequently, the address data outputted from a computing element 1 12 turn into 
address data corresponding to all test areas. 

[0052] Next, in step S7, CPU13 sets up initial value as a test condition of an axis of ordinate. 

/|0053] Next, in step S8, CPU 13 performs the subroutine which measures near the boundary point, 
[0054] The subroutine which measures near the boundary point is explained below. It is possible that the 
boundary point of the good/defect of the property searched for at step S5 changes somewhat with test 
areas with the property of a semiconductor memory 1. Therefore, by examining to the test condition of 
several points before and after the boundary point of the good/defect searched for, the test condition in 
all test areas can detect the boundary point of good/defect to all test areas, and can obtain an exact 
quality judging result. The width of face of a test condition before and after inserting the boundary point 
is detemiined in consideration of dispersion in the property of the semiconductor device examined, and 
in consideration of a common semiconductor memory, an exact quality judging result shall be obtained 
and it shall examine to the test condition of three points here before and after the boundary point as a 
\ value with few test conditions. 
[0055] DLawing.5 is drawing explaining the test procedure by this example. As shown in drawing 5 , the 
point which went to left-hand side 3 point focusing on the boundary point is made into a test condition 
L, and the point which went to right-hand side 3 point is made into a test condition R. When only the 
one boundary point exists in before the test condition L blank test conditions R, it examines by the 
predetermined test condition one by one to a boundary point side from the side judged that is "poor" as a 
quality judging result. If at least one eel of a defect is discovered in a test area, since the trial of a quality 
judging will stop a trial at the time and will judge the test result to the test condition as "poor" It is 
because the direction in the case of being "poor"er than the case of the "good" judged as a test result for 
the first time to be "good" is able to shorten the test time to one test condition sharply when the result of 
"good" comes out to all test areas. 

[0056] Moreover, when other boundary points exist among the test condition L blank test conditions R, 
a test condition L or a test condition R shall be set up so that the boundary point may not be included, 
and the side blank test from which the result of "good" is obtained as a quality judging result shall be 
started, 

[0057] Hereafter, actual processing of the subroutine of measurement of near the boundary point is 
explained. First, in step SI 3, CPU 13 accesses the information about the boundary point of the 
good/defect currently stored in self main storage, and after it specifies the first boundary point, it sets up 
the test condition which returned from the boundary point 3 point as a test condition L. 
[0058] Next, in step SI 4, it checks whether CPU 13 contains other boundary points between a test 
condition L and the boundary pomt. When other boundary points are not included, it shifts to step S 1 8. 
When other boundary points are included, in order to change a test condition, it shifts to step S 1 5. 
[0059] Next, in step S15, CPU13 sets up the test condition of the point which progressed 3 point from 
the boundary point as a test condition R. 

[0060] Next, in step S16, it checks whether CPU13 contains other boundary points between a test 
condition R and the boundary point. When other boundary points are not included, it shifts to step SI 8. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



6/19/2007 



, JP,06-324125;A [DETAILED DESCRIPTION] Page g 9 

' JJSlfi X? P°'"^s are included, in order to change a test condition, it shifts to step S 1 7 
[0061] Next, m step S17, CPU13 changes a test condition L and a test condition R so that other 
boundai7 points may not be included among the test condition L blank test conditions R. Consequently 
mnS.^, ""'f^ "^'^ ^"^^'y ^"^^^ condition L blank test conditions R 
[0062] Next, in step S18 the test condition started according to the above regulations from between the 
set-up test condition L blank test conditions R is set up. the test condition blank test is performed, and 
the boundary pomt is found. ' 
[0063] Next, in step S19, it is checked whether all the boundary points have been found in CPU13 
Since It IS not necessary to continue the trial beyond this when all the boundary points are found 
processing by the subroutine is ended and it shifts to step S9. Since it is necessaiy to examine ' 
succeedingly and to find the boundary point when all the boundaiy points are not found, it shifts to step 

[0064] Next in step S20, CPU13 changes the test condition of an axis of abscissa into the test condition 
contaimng the following boundaiy point, and in order that it may return to step S 1 3 and may find the 
following boundary point, it continues subsequent processings. 

[0065] After processing of the subroutine which measures near [ above ] the boundary point is 
completed, in step 89. CPU13 displays a test result on a display or an airline printer (illustration 
abbreviation) as a SHUMU plot. 

[0066] Next, in step SIO, it checks whether the trial has ended CPU13 to all the test conditions of an 
axis of ordinate. If the trial is completed to all the test conditions of an axis of ordinate, processing is 
mnl^n^ completed to no test conditions of an axis of ordinate, it will shift to step S12 

[0067] Next, in step S12, CPU13 changes the test condition of an axis of ordinate 1 point, shifts to step 
»», and continues subsequent processings. 

[0068] Based on the information about the boundaiy point of the good/defect extracted in the 1st test 
area which is a part of test area, the test condition near the boundary point can be set up, a trial can be 
performed to all test areas only by the test condition, and the above actuation enables it to shorten test 
time sharply. Moreover, since the information about the boundary point is created based on the result of 
having examined to all test conditions, it can grasp the property correctly also in the semiconductor 
memory v/hich has a property containing two or more boundary points. Therefore, it becomes possible a 
high speed and to examme the quality of the property of a semiconductor device correctly irrespective of 
the property of a semiconductor device. 

[0069] The SHUMU plot acquired with this equipment by drawing 6 is shown. In drawing 6 the 
boundary pomt of the good/defect of a judgment result is shown by It turns out that the SHUMU 
plot by this equipment has detected all the boundary points coirectly to two or more boundary points so 
tiiat clearly from drawing 6 . Moreover, drawing showing the point which actually examined to drawing 

7 IS shown. In drawing J , in "F". a defect and "P" show "good" and shows the boundaiy poi^irt 

respectively. It is possible by examining to the test condition of several points to become possible to 
extract tiie one boundary point and to reduce the number of required test conditions sharply so that 
clearly from drawing 7 . ' 

[0070] The relation between the device capacity of a semiconductor memory and the extraction time 
amount of a SHUMU plot is shown in drawing 8 . In drawing 8 , the conventional circuit tester 
[ according / a broken line / to the binary search technique ] according [ a continuous line ] to the circuit 
tester of this example and the alternate long and short dash line show the conventional circuit tester 
respectively. In this example, it is possible to extract a SHUMU plot by the time amount of about 1/8 
compared with the conventional circuit tester so that clearly from drawin g 8 . Moreover, compared with 
the bin^ search technique, it realizes by almost equivalem time amount, and it is possible to extract an 
exact SHUMU plot by extraction time amount equivalent to the binary search technique also to the 
semiconductor device which has two or more boundaiy points of the good/defect which was not able to 
be evaluated by the binary search technique. 

[0071] Although the above-mentioned example described to the predetermined value of an axis of 
ordmate on the assumption that at least one boundary point existed When it differs from the judgment 
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result from which only the two-poles value of the 1st parameter of an axis of abscissa was examined, 
and the judgment result was obtained by the 1st test area when the boundary point did not exist If it is 
made to examine until it discovers the new boundary point, it will become possible to apply also to the 
test condition which does not contain the boundary point. 

[0072] Moreover, although the judgment result storage memory 14 was formed and the judgment result 
was made to memorize in the above-mentioned example, the same effectiveness can be acquired even if 
It makes the main storage or other storage in CPU13 memorize. Moreover, if a free area is in the 
judgmem result storage memory 14, even if it stores in the field, after acquiring the same effectiveness 
or elmimatmg the data of the judgment result storage memory 14, you may make it store the information 
about the boundary point, although the information about the boundary point searched from the data in 
the judgment result storage memory 14 was memorized in the main storage in CPU13 in the above- 
mentioned example. 

[0073] Moreover, by not forming the 2nd register 1 14 but using for example, a diagonal pattern etc. 
based on the data about all the test areas currently stored in the 1st register 1 13, although the data about 
the 1st predetermined test area were stored in the 2nd register 1 14 in the above-mentioned example, 
even if it devises the sequence which accesses the memory cell in a semiconductor memory 1 , it 
becomes possible to judge a property comparatively for a short time. Drawing g is drawing showing a 
diagonal pattern. In this case, the memory cell of the slash shown in drawing 9 turns into a memory cell 
which examines as the 1st record section. Its property of the semiconductor device measured is not 
uniform to all test areas, and such a diagonal pattern is effective especially when the property of all test 
areas cannot be expressed with the test result of a predetermined partial part 
[0074] H H 

[Effect of the Invention] It is the test condition which included the test condition from which there are 
few test conditions and the quality of a property changes based on the quality result of the property 
acquired by the 1st trial means in the testing device of the semiconductor device of this invention, and 
since the trial to all test areas is performed, it becomes more possible rather than examining to two or 
more test conditions of all shortening test time sharply. Moreover, it becomes possible [ the 1st trial 
means ] to grasp the property correctly also with the semiconductor device from which the quality of a 
property changes intricately, since the trial is performed to all test conditions. Consequently, it becomes 
possible a high speed and to examine the quality of the property of a semiconductor device correctly 
irrespective of the property of a semiconductor device. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the ori 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industnal Application] About the testing device of the semiconductor device which examines about the 
quality of the property of a semiconductor device over two or more test conditions, especially, this 
mvention changes two or more test conditions continuously, and relates to the testing device of the 
semiconductor device which creates the SHUMU plot which displays a quality judging result in the 
shape of a matrix. 



[Translation done.] 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] High integration of a semiconductor device is attained by advance of 
semiconductor technology, for example, the storage capacity of a semiconductor memory is increasing 
by leaps and bounds in the past several years. If it is going to examine about the quality of the property 
of all test areas to the semiconductor device which has such a mass storage capacity, test time will also 
increase by leaps and bounds with increase of storage capacity. Development of the testing device of the 
semiconductor device which is a short time and judges the quality result of an exact property is strongly 
desired under such a background. 

[0003] Hereafter, it explains, referring to a drawing about the testing device (it abbreviates to a circuit 
tester below) of the conventional semiconductor device. towing lO is the block diagram showing the 
configuration of the important section of the conventional circuit tester. 

[0004] In drawingJO , a circuit tester 20 contains the input signal generating circuit 21, the output signal 
judging circuit 22, and CPU (arithmetic and program control)23. It connects with the input signal 
generating circuit 21 and the output signal judging circuit 22, and CPU23 controls actuation of each 
part. By the operating command outputted from CPU23, the input signal generating circuit 21 creates 
the predetermined data for a trial, and outputs the data for a trial to a semiconductor memory 1 through 
the signal input pin 2 grade of a semiconductor memory 1. It consists of control data which control each 
actuation of the store of the address data which specify the address of the memory cell in a 
semiconductor memory 1, the cell data stored in the memory cell, and a semiconductor memory 1, read- 
out, etc. as data for a trial. Here, generating circuits without the direct relation to the meaning of this 
invention, such as a cell data and control data, etc. omit illustration and explanation, and explain them 
below about address data at a detail. 

[0005] The input signal generating circuit 21 contains an output circuit 21 1, a computing element 212, 
and a register 213. It connects with a computing element 212, the maximum of the address of data 
required for creation of address data, for example, all the test areas of a semiconductor memory 1, the 
minimum value, etc. are memorized beforehand, and a register 213 outputs predetermined data to a 
computing element 212 according to the operating command from CPU23. It connects with an output 
circuit 211, and a computing element 212 creates predetermined address data based on the data 
outputted from the register 213, and outputs them to an output circuit 211 . It connects with the signal 
input pin 2 of a semiconductor memory 1, and an output circuit 21 1 inputs the inputted address data into 
a semiconductor memory 1 . A semiconductor memory 1 memorizes the cell data separately transmitted 
in the predetermined memory cell based on the inputted address data. 

[0006] Next, a semiconductor memory 1 outputs the written-in cell data to the output signal judging 
circuit 22 through read-out and the signal output pin 3. The output signal judging circuit 22 includes an 
input circuit 221 and the quality judging circuit 222. The cell data outputted from the semiconductor 
memory 1 is inputted into the quality judging circuit 222 through an input circuit 221. The quality 
judging circuit 222 is connected with a computing element 212, and the expected- value data showing 
the cell data which the input signal generating circuit 21 made memorize are inputted from a computing 
element 212. The quality judging circuit 222 compares expected-value data with the read cell data, and 
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judges the quality of a property. A judgment result is outputted to CPU23, and based on this judgment 
result, CPU23 displays a test result on a display or an airline printer (illustration abbreviation), and 
becomes possible [ getting to know about the quality of the property of a semiconductor memory 1 ]. 
[0007] Next, the approach of the characteristic test of the semiconductor memory using the circuit tester 
20 constituted as mentioned above is explained. One of the characteristic tests of a semiconductor 
memory has a SHUMU plot. A SHUMU plot examines by two or more test conditions to which two test 
condition parameters or three test condition parameters were changed at the predetermined spacing 
among some kinds of test condition parameters (for example, supply voltage, input timing of various 
signals, etc.), plots the quality judging result in the shape of [ of two-dimensional or a three dimension ] 
a matrix, and examines the property of a semiconductor memory. 

[0008] An example of a SHUMU plot is shown in drawing U . The time amount which performs the 
quality judging of the data outputted as a test condition parameter from the supply voltage and the 
semiconductor memory which are given to a semiconductor memory is used. In drawin g 1.1 , the time 
amount which perfonns the quality judging of the data which the supply voltage of 1 1 points is changed 
to O.iy unit to 5.5V-4.5V for an axis of ordinate, and are outputted in supply voltage is changing the test 
condition of 16 points to the unit for Ins for an axis of abscissa from 95ns till UOns. Consequently, 1 1 
points X 16 points = a trial is carried out by each test condition of 176 points, if a test result is "good", 
will be displayed on that point, and if "poor", it is leaving in the null. By displaying as a SHUMU 
plot shown in drawing 1 1 , it becomes possible to recognize the quality of the test result to two or more 
test conditions at a glance. 

[0009] Next, in order to create the above-mentioned SHUMU plot, the sequence of carrying out each 
test condition is explained. Drawing 12 is drawing showing the sequence of carrying out each test 
condition. As shown in draMng.i2 , each test condition is carried out in sequence as an arrow head 
shovvs. First, after examining changing the 1st trial parameter of an axis of abscissa at the predetermined 
spacing after fixing the conditions of the 2nd trial parameter of an axis of ordinate and completing a trial 
to all the test conditions of an axis of abscissa, the test condition of the 2nd trial parameter of an axis of 
ordinate is changed at the predetermined spacing, and it examines similarly, and it repeats until a trial is 
completed about all test conditions. 

[0010] Next, actuation of the conventional circuit tester which creates the SHUMU plot shown in 
drawing. J 2 is explained below. Drawing Jl is a flow chart explaining actuation of the conventional 
circuit tester. The flow chart shown m drawing 13 is beforehand memorized as a program by the storage 
in CPU23, and when CPU23 performs the program if needed, it is realized. 
[001 1] First, in step S21, CPU23 sets up the initial value of the test condition of an axis of ordinate. 
[0012] Next, in step S22, CPU23 sets up the initial value of the test condition of an axis of abscissa. 
[0013] Next, in step 823, the input signal generating circuit 21 and the output signal judging circuit 22 
are ordered CPU23 so that it may examine by the set-up test condition, and it performs a trial. 
[0014] Next, in step S24, the output signal judging circuit 22 judges the quality of a test result, and 
ouqjuts a judgment result to CPU23. Based on the inputted quality judging result, CPU23 will shift to 
step S25, if a test result is "good", and if "poor", it will shift to step S26. 

[0015] Next, it sets to step S25 and CPU23 displays "*" on the location which shows the predetermined 
test condition of a SHUMU plot. Since step S25 is skipped on the other hand when judged with it being 
"poor", nothing is displayed on a SHUMU plot. 

[0016] Next, in step S26, it checks whether the trial has ended CPU23 to all the test conditions of an 
axis of abscissa. If the trial is not completed, in order to set up the test condition of the following axis of 
abscissa, it shifts to step S28. If the trial is completed, in order to set up the test condition of the 
following axis of ordinate, it shifts to step S27. 

[0017] Next, in step S26, when it is judged that the test condition of an axis of abscissa is not completed 
and it shifts to step S28, CPU23 changes the test condition of an axis of abscissa into the following test 
condition, shifts to step 823, and repeats subsequent processings. 

[001 8] On the other hand, when it is judged that it ended about all the test conditions of an axis of 
abscissa in step S26, in step S27, it checks whether the trial to all the test conditions of an axis of 
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ordinate has ended CPU23. If the test condition of an axis of ordinate is not completed, and it carried out 
^er that to step S29 and has ended to it in order to set up the following test condition, since the trial to 
all test conditions is completed, processing will be ended. 

[0019] Next, when it is judged that the test condition of an axis of ordinate is not completed in step S27 

mnom^I ^° '^^^ ^^^^^ "P '"^^'^^ ''^"^ ^ ^ ^^^^ condition of an axis of abscissa 

[0020] Next, m step S30, CPU23 changes the test condition of an axis of ordinate into the following test 

condition, shifts to step S23, and continues subsequent processings. 

[0021] By the above actuation, a circuit tester 20 carries out the trial to all test conditions in the 
sequence of the test condition shown in drawing 12 , and becomes possible [ creating the SHUMU plot 
showmg the quality judging result of each test condition ]. 

[0022] Next, the trial to all test conditions is performed as mentioned above, and a SHUMU plot is not 
created, but by examining in predetermined sequence explains below creation of the SHUMU plot by 
the binary search technique which can shorten test time. Drawing 14 is drawing explaining the test 
procedure by the binaiy search technique which used the conventional circuit tester 
[0023] As shown in drawmgJi , the 1st trial parameter is taken along an axis of abscissa, and the 2nd 
trial parameter is taken along an axis of ordinate. First, after fixing the 2nd trial parameter of an axis of 
ordinate to predetermined conditions, it examines by the test condition at the left end of the 1st trial 
parameter of an axis of abscissa. Next, it examines to the same 2nd trial parameter by the test condition 
at the nght end of the 1st trial parameter of an axis of abscissa. The result of the test condition shown by 
the arrow head 2 serves as "good" ("*"), and that the result of the test condition shown by the test result 
and the airow head 1 is "poor" (null), and when both test judging results differ, both middle point is 
examined. Here, the next trial is performed as a middle test condition by the test condition shown by the 
arrow head 3. When a test result is "good" at this time, the next trial is performed by the test condition 
between the test condition shown by the arrow head 1, and the test condition shown by the arrow head 3 
for example, the conditions shown by the arrow head 4. When the test result in the test condition shown ' 
m an arrow head 4 is "poor", the next trial is performed by the test condition shown by the arrow head 5 
which It is between the test condition shown by the arrow head 4, and the test condition shown by the 
arrow head 3. Since between the test condition shown by the arrow head 4 and the test conditions shown 
by the arrow head 5 serves as the boundary point of good/defect when the test result of the test condition 
shown by the arrow head 5 is "good", "♦" is plotted into the part of the test condition shown by the 
arrow head 5. 

[0024] Since the boundary point of good/defect can be specified without examining to all test conditions 
by examining by the test condition in the meantime when the binary search technique examines by two 
different test conditions as stated above, and test results differ, it becomes possible to shorten test time 
For example, to nine test conditions, by examining by five test conditions, the boundary point of 
good/defect can be specified and test time is shortened by 5/9 in drawing.i4 . By examining the above- 
mentioned processing to each test condition of the 2nd trial parameter, the whole test time can be 
shortened similarly and it becomes possible to create a SHUMU plot at a high speed. 
[0025] Next, actuation of the conventional circuit tester by the above-mentioned binary search technique 
IS explained. ]2rawmgJ.5 is a flow chart explaining actuation of the conventional circuit tester by the 
binary search technique. 

[0026] First, in step S31, CPU23 sets up initial value as a test condition of an axis of ordinate. 
[0027] Next, in step S32, CPU23 performs the subroutine which performs test activation by the binary 
search technique. The subroutine of the test activation by the binary search technique is processed as 
follows. 

[0028] First, in step S3 5, it examines by the test condition N which shows "good" as a quality Judging 
result, and the test condition M which shows a "defect." 

[0029] Next, in step S36, it examines by the test condition L of the midpoint of a test condition N and a 
test condition M. 

[0030] Next, in step 837, the quality judging in the test condition L of a midpoint is performed. When a 
judgment result is "poor", it shifts to step 841 , and in the case of "good", it shifts to step 838. 
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[003 1 ] When judged with "good" at step S37, in step S38. a test condition N is transposed to a test 
condition L. 

[0032] On the other hand, in step S37, when it is judged that it is "poor", in step S41, a test condition M 
IS transposed to a test condition L. 

[0033] By the above processing, the boundary point of good/defect will exist between a test condition N 
and a test condition M. 

[0034] Next, in step S39, it checks whether a test condition N and a test condition M are **♦*♦♦ test 
conditions. Since the boundary point of good/defect can be specified when it is a ♦♦♦*** test condition 
It shifts to step S40. If it is not a ****** test condition, since the boundary point of good/defect may * 
exist between a test condition N and a test condition M, it will shift to step S36 and will examine again 
about the test condition L of a midpoint. 

[0035] Next, in step S40, the point of "good" used as the boundary point of good/defect is plotted. 
Without examining to all test conditions, the test condition used as the boundary point of good/defect 
can be specified, and the above processing enables it to create a SHUMU plot at a high speed. 
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♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] It is the test condition which included the test condition from which there are 
few test conditions and the quality of a property changes based on the quality result of the property 
acquired by the 1st trial means in the testing device of the semiconductor device of this invention, and 
since the trial to all test areas is performed, it becomes more possible rather than examining to two or 
more test conditions of all shortening test time sharply. Moreover, it becomes possible [ the 1st trial 
means ] to grasp the property correctly also with the semiconductor device from which the quality of a 
property changes intricately, since the trial is performed to all test conditions. Consequently, it becomes 
possible a high speed and to examine the quality of the property of a semiconductor device correctly 
irrespective of the property of a semiconductor device. 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this tremslation. 

1. This document has been translated by computer. So the translation may not reflect the 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Since the conventional circuit tester is constituted as 
mentioned above, in order to extract a SHUMU plot as a characteristic test, the trial needed to be 
repeated to all the test conditions set as the axis of ordinate and the axis of abscissa, and there was a 
trouble that test time became very long. For example, supposing it examined all test areas by the 
predeterramed test condition in the case of the semiconductor memory of 1 6Mbit, about 4.6 hours was 
required and very huge time amount was needed. Moreover, this test time increases by leaps and bounds 
with the increment in the capacity of a semiconductor memory, and becoming a problem bigger ftiture 
still is expected. 

[0037] Moreover, in the binary search technique currently developed as an approach of shortening test 
time, there was a trouble that it could not be used to the semiconductor device in which the property that 
the boundary point of good/defect exists more than plurality is shown. The SHUMU plot at the time of 
examining the semiconductor memory which has two or more boundaries of good ("*")/defect (null) in 
drawin g 16 is shown. As shown in drawing 16 , when there are two or more boundaries of good/defect, 
m order to detect only one boundary, other boundaries will be disregarded by the binaiy search 
technique. The SHUMU plot at the time of examining the semiconductor memory which has the 
property shown in drawingJiJ at drawingjj by the binary search technique is shown. Since, as for the 
boundary of good/defect, only one was detected and the other boundary points were not detected so that 
clearly from drawing j? , the quality judging result in which it completely made a mistake was 
displayed, and there was a problem that exact evaluation was unrealizable. 
[0038] This invention is for solving the above-mentioned technical problem, and it aims at offering a 
high speed and the testing device of a semiconductor device which can examine the quality of the 
property of a semiconductor device correctly irrespective of the property of a semiconductor device. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

predsefy ^"'"^"^ ^^^^ translated by computer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

MEANS 

[Means for Solving the Problem] In the 1st test area whose testing devices of the semiconductor device 
of this invention are a part of all test areas of a semiconductor device A 1st trial means to examine about 
me quality of the property of a semiconductor device over two or more test conditions, In a decision 
means to determine the 2nd test condition which is a part of two or more test conditions based on the 
quality result of the property acquired by the 1st trial means including the 1st test condition from which 
the quality of a property changes at least, and all the test areas of a semiconductor device A 2nd trial 
means to examine about the quality of the property of a semiconductor device over the 2nd test 
condition determined by the decision means is included. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



prSse?y ''"'"^"^ ''^^^ translated by computer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



OPERATION 



ll^Tfl If semiconductor device of this invention, since it examines about 

tiie quality of the propei^y of a semiconductor device to two or more test conditions of all in the 1st test 
cThJ^ v?"^ Y ' P^^^^^^ 'i"^'^ '''' be obtained. Since the 2nd te 

thT? t t c."!. 5 ^ T °^ TTu"""'^ detennined based on this test resuh including 

n4^bei?tir«^H ^"'"^ P'^^P^'^ ^^^S^^' 2nd test condition has few thosf 

numbers than all test conditions, and turns into a test condition including the test condition from which 
the quality of a property surely changes. All test areas are examined about the quality of^^rop^iS of 
a semiconductor device over this 2nd test condition. property or 
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■ * NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 

[Example] It explains referring to a drawing hereafter about the testing device (a circuit tester is called 
below like the conventional example) of the semiconductor device which is one example of this 
invention. DrnwiogJ. is the block diagram showing the configuration of the important section of the 
circuit tester of one example of this invention. 

[0042] In drawing.! , a circuit tester 10 contains the input signal generating circuit 1 1 , the output signal 
judging circuit 12, CPU (arithmetic and program control)13, and the judgment result storage memory 
14. It connects with the input signal generating circuit 1 1, the output signal judging circuit 12, and the 
judgment result storage memory 14, respectively, and CPU 13 controls actuation of each part. The input 
signal generating circuit 1 1 answers the command signal of operation outputted from CPU13, creates the 
data for a trial, and inputs them into a semiconductor memory 1 through the input signal pin 2. As data 
for a trial, it consists of cell datas stored in the address data and the predetermined memory cell which 
specify the address of the memory cell in a semiconductor memory 1 as usual. Although a cell data etc. 
is inputted into a semiconductor memory 1 like the conventional circuit tester, since the meaning of this 
invention does not have direct relation, the generating circuit of a cell data etc. omits the explanation 
while omitting illustration. 

[0043] A semiconductor memory 1 ou^uts the cell data memorized based on the data for a trial 
outputted from the input signal generating circuit 1 1 to the output signal judging circuit 12 through read- 
out and the signal output pin 3. The output-signal judging circuit 12 compares the inputted cell data with 
the expected-value data outputted from the input signal generating circuit 1 1, and outputs the judgment 
resuh of a quality to the judgment result storage memory 14 and CPU13. The judgment result storage 
memory 14 memorizes the judgment result of the quality outputted from Ae output signal judging 
circuit 1 2, and outputs it to CPU 1 3 if needed. 

[0044] The input signal generating circuit 1 1 contains an output circuit 1 1 1, a computing element 112, 
the 1st register 1 13, the 2nd register 1 14, and a change-over switch 115. The 1st register 1 13 is storing 
data required to generate the input signal for examining all the memory space of a semiconductor 
memory 1. For example, they are the maximum of the address corresponding to all the test areas of a 
semiconductor memory 1 , the minimum value, etc. The 2nd register 1 14 is storing data required to 
generate the input signal for examining a part of memory capacity of a semiconductor memory 1. For 
example, they axe the maximum of the address corresponding to the predetermined field of a test area, 
the minimum value, etc. A change-over switch 1 15 switches connection between the 1st register 1 13 and 
the 2nd register 1 14, and a computing element 1 12. That is, when examining all the test areas of a 
semiconductor memory 1, the 1st register 1 13 is specified and the data corresponding to all test areas are 
outputted to a computing element 1 12. Moreover, when examining a part of test area, the 2nd register 
1 14 is connected, and the data corresponding to a predetermined test area are outputted to a computing 
element 1 12. A computing element 1 12 creates predetermined address data based on the data inputted 
from the 1st register 1 1 3 or the 2nd register 1 14, and outputs them to an output circuit 111. After an 
output circuit 1 1 1 operates the inputted address data orthopedically to a predetermined wave, it is 
outputted to a semiconductor memory 1 through the signal input pin 2. Data for a trial other than the 
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above-mentioned address data are created like the conventional circuit tester, and are inputted into a 
semiconductor memory 1 . The output signal judging circuit 12 includes an input circuit 121 and the 
quality judging circuit 122 The semiconductor memory 1 which memorized the outputted cell data 
outputs the memorized cell data to an input circuit 121 through read-out and the signal output pin 3 

,00 ?® 'T* ''^"^^ generating circuit 1 1. The read cell data is outputted to the quality judging 
Tclni^:'?^ an input circuit 121. The expected-value data in which the cell data memoSdfrom 
?! ^ \ ^ °"*P""^^ *° quality judging circuit 122. this expected-value 

data IS compared with the inputted cell data, and the quality of a property is judged. TTie qu^ity judging 
circuit 122 outputs ajudgment result to CPU13. when the judgment Vesult of a quality is arngSr 

L?n!^;^';rl . " f'^'' °"*P"*' ajudgment result to the judgment result storage 
memory 14. TJie judgment result storage memory 14 memorizes the judgment resuh of some qualities of 
a test area, and CPU13 discriminates the boundary point of good/defect from which a property changes 
to good or a defect frorn the memorized judgment result. Based on the identified boundaiy point CPU13 
sets up a predetermined test condition including the test condition from which the quality of a proper^ 

gSati^^lr^uk^^^^^^ " '''' '"'^ ^ '""^"'^ *° •"P"^''^"^! 

[0045] Next, acUiation of the circuit tester constituted as mentioned above is explained to a detail 
Drawm gJ is a flow chart explaining actuation of a circuit tester 

nrT^l^'' i?? ^ ' ' ^u^u ^ "l"^ '"'^"'''"^ ^° S""^'*^*^ '"P"^ signal which examines the 1 st 
predetemimed test area which is a part of all test areas to the 2nd register 1 14 at the same time it sets up 
date required to generate tiie input signal which examines all the test areas of a semiconductor memory 1 
TJUl "T^^ u >s necessary is just to set up tiie minimum field in the field which shows ie 

rough property of the semiconductor device examined as the 1st test area. An example of tiie 1st test 
area is shown m ^ssdngl . As shown in drawings , for example, when tiie storage capacity of a 
semiconductor memory lis 64 Mbit. tiie part of 1Kbit of tiie lower address shown with the slash can be 
used as the 1st test area. Therefore, what is necessary is to set the value which accesses all the record 
sections of 64Mbit to the 1st register 113, and just to set tiie value which accesses only tiie part of 1Kbit 
of a lower address to tiie 2nd register 114, / f v 1 jxuu 

[0047] Next, the tiial to the 1st test area is performed in step S2. It is ordered CPU13 so tiiat tfie 2nd 
register 1 14 side may be comiected to a change-over switch 1 15. and predetermined data are outputted 
Ihh 'ccT ?^ '^'""^"^ ^ ? ^"^ "^Sister 1 14. A computing element 1 12 outputs tiie cakulated 

address data to a semiconductor memory 1 tiu-ough an output circuit 111. Moreover, data for a trial such 
as a cell data, are also inputted into a semiconductor memory 1 at coincidence. A semiconductor ' 
memory 1 outputs tiie cell data which read tiie memorized cell data to the quality judging circuit 122 
tiirough read-out and an input circuit 121 again. The quality judging circuit 122 compares tiie expected- 
value data of tiie cell date outputted from a computing element 1 12 witii tiie read cell date, and judges 
the quality of a property. j^'^b^o 

[0048] Next, in step S3, tiie quality judging circuit 122 outputs tiie judgment result of a quality to tiie 
judgment result storage memory 14. The inputted judgment resuh is made to correspond witii a SHUMU 
plot and tfie location of tiie shape of a matiix it was made to correspond, and tiie judgment result storage 
memory 14 memorizes It. ^ 

^°^'*?^^mf,'i"T?lP ^"1' ''^^''^^ °f test conditions over the 1st test area has 

ended CPU13^ If tiie tnal is not completed, after shifting to step S 11 and changing into the following test 
condition, It shifts to step S2 and a tiial is performed again. If tiie trial is completed, it will shift to step 
J>5 By performing the above-mentioned processing, it becomes possible to examine tiie property of tiie 
outline of a semiconductor memory 1 comparatively for a short time. Here, since 1/64 of the test areas of 

fnn-fm JTf f ^nfxS^ ^^'^ ^"^^ *^°PS t° '/^^ of ttie test time of all test areas. 

[0050] Next, in step S5, CPU13 searches tiie test condition from which a property serves as tiie 
boundary point of good/defect which changes to good or a defect based on tiie quality judging result 
memorized by tiie judgment result storage memory 14. The SHUMU plot showing an exaSiple of the 
test result of tiie 1st test area in drawing 4 is shown. As shown in drawing 4 , it is stored in the main 
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storage (illustration abbreviation) which is made to correspond to the test condition of each boundary 
point which changes from it being "poor" (null) to "good" ("♦") with the location on a matrix, and has it 
in the intenor of CPU13. For example, if it says in a matrix-like location, the boundary point PI is the 
1st of an axis of ordinate, and will call it the 4th of an axis of abscissa. Since the data about these 
boundary points are memorized in main storage, they can access a high speed. Moreover, although 
drawing 4 shows the SHUMU plot in case the number of boundaries is one, since the trial is performed 
to all test conditions even when there are two or more boundaries, it is possible to detect all boundaries 
correctly. The above processing enables it to detect the data about the boundary point of perfect 
good/defect in the 1st test area which is a part of all test areas. 

[0051] Next, in step S6, a test area is switched to all test areas. CPU 13 orders so that a test area may be 
switched to the input signal generating circuit 1 1 from the 1st test area to all test areas. In the input 
signal generating circuit 1 1, a change-over switch 115 switches connection to the 1st register 1 13 from 
the 2nd register 1 14. Consequently, the address data outputted from a computing element 1 12 tum mto 
address data corresponding to all test areas. 

[0052] Next, in step S7, CPU13 sets up initial value as a test condition of an axis of ordinate. 
[0053] Next, in step S8, CPU13 performs the subroutine which measures near the boundary point 
[0054] The subroutine which measures near the boundary point is explained below. It is possible that the 
boundary point of the good/defect of the property searched for at step S5 changes somewhat with test 
areas with the property of a semiconductor memory 1. Therefore, by examining to the test condition of 
several points before and after the boundary point of the good/defect searched for, the test condition in 
all test areas can detect the boundary point of good/defect to all test areas, and can obtain an exact 
quality judging result. The width of face of a test condition before and after inserting the boundary point 
is determined in consideration of dispersion in the property of the semiconductor device examined, and 
in consideration of a common semiconductor memoty, an exact quality judging result shall be obtained 
and It shall examine to the test condition of three points here before and after the boundary point as a 
value with few test conditions. 

[0055] Drawing 5 is drawing explaining the test procedure by this example. As shown in drawing 5. , the 
point which went to left-hand side 3 point focusing on the boundary point is made into a tesrcondition 
L, and the point which went to right-hand side 3 point is made into a test condition R. When only the 
one boundary point exists in before the test condition L blank test conditions R, it examines by the 
predetermined test condition one by one to a boundary point side from the side judged that is "poor" as a 
quality judging result. If at least one eel of a defect is discovered in a test area, since the trial of a quality 
judging will stop a trial at the time and will judge the test result to the test condition as "poor" It is 
because the du-ection in the case of being "poor"er than the case of the "good" judged as a test result for 
the first time to be "good" is able to shorten the test time to one test condition sharply when the result of 
"good" comes out to all test areas. 

[0056] Moreover, when other boundary points exist among the test condition L blank test conditions R, 
a test condition L or a test condition R shall be set up so that the boundary point may not be included, ' 
and the side blank test from which the result of "good" is obtained as a quality judging result shall be 
started. 

[0057] Hereafter, actual processing of the subroutine of measurement of near the boundary point is 
explained. First, in step S13, CPU13 accesses the information about the boundary point of the 
good/defect currently stored in self mam storage, and after it specifies the first boundary point, it sets up 
the test condition which returned from the boundary point 3 point as a test condition L. 
[0058] Next, in step S14, it checks whether CPU13 contains other boundary points between a test 
condition L and the boundary point. When other boundary points are not included, it shifts to step SI 8, 
When other boundary points are included, in order to change a test condition, it shifts to step S 1 5. 
[0059] Next, in step S15, CPU13 sets up the test condition of the point which progressed 3 point from 
the boundary point as a test condition R. 

[0060] Next, in step SI 6, it checks whether CPU13 contains other boundary points between a test 
condition R and the boundary point When other boundary points are not included, it shifts to step SI 8. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



6/19/2007 



JP,06^324125,A [EXAMPLE] 



Page 4 of 5 



When other boundary points are included, in order to change a test condition, it shifts to step SI 7. 
[0061] Next, in step SI 7, CPU13 changes a test condition L and a test condition R so that other 
boundary points may not be included among the test condition L blank test conditions R. Consequently, 
the one boundary point will surely exist in before the test condition L blank test conditions R. 
[0062] Next, in step SI 8, the test condition started according to the above regulations from between the 
set-up test condition L blank test conditions R is set up, the test condition blank test is performed, and 
the boundary point is found. 

[0063] Next, in step S19, it is checked whether all the boundary points have been found in CPU13. 
Since it is not necessary to continue the trial beyond this when all the boundary points are found, 
processing by the subroutine is ended and it shifts to step S9. Since it is necessary to examine 
succeedingly and to find the boundary point when all the boundary points are not found, it shifts to step 
S20. ^ 

[0064] Next, in step S20, CPU 13 changes the test condition of an axis of abscissa into the test condition 
containing the following boundary point, and in order that it may return to step S 1 3 and may find the 
following boundary point, it continues subsequent processings. 

[0065] After processing of the subroutine which measures near [ above ] the boundary point is 
completed, in step S9, CPU 13 displays a test result on a display or an airline printer (illustration 
abbreviation) as a SHUMU plot. 

[0066] Next, in step SIO, it checks whether the trial has ended CPU 13 to all the test conditions of an 
axis of ordinate. If the trial is completed to all the test conditions of an axis of ordinate, processing is 
ended and the trial is completed to no test conditions of an axis of ordinate, it will shift to step S12. 
[0067] Next, in step S12, CPU13 changes the test condition of an axis of ordinate 1 point, shifts to step 
S8, and continues subsequent processings. 

[0068] Based on the information about the boundary point of the good/defect extracted in the 1st test 
area which is a part of test area, the test condition near the boundary point can be set up, a trial can be 
performed to all test areas only by the test condition, and the above actuation enables it to shorten test 
time sharply. Moreover, since the information about the boundary point is created based on the result of 
having examined to all test conditions, it can grasp the property correctly also in the semiconductor 
memory which has a property containing two or more boundary points. Therefore, it becomes possible a 
high speed and to examine the quality of the property of a semiconductor device correctly irrespective of 
the property of a semiconductor device. 

[0069] The SHUMU plot acquired with this equipment by drawing 6 is shown. In drawing 6 , the 
boundary point of the good/defect of a judgment result is shown by It turns out that the SHUMU 
plot by this equipment has detected all the boundary points correctly to two or more boundary points so 
that clearly from drawing ^ . Moreover, drawing showing the point which actually examined to drawing 
2 is shown. In drawing^ , in "F", a defect and "P" show "good" and "*" shows the boundary point, 
respectively. It is possible by examining to the test condition of several points to become possible to 
extract the one boundary point and to reduce the number of required test conditions sharply so that 
clearly from drawing 7 . 

[0070] The relation between the device capacity of a semiconductor memory and the extraction time 
amount of a SHUMU plot is shown in drawing 8 . In drawing 8 , the conventional cu-cuit tester 
[ according / a broken line / to the binary search technique ] according [ a continuous line ] to the circuit 
tester of this example and the alternate long and short dash line show the conventional circuit tester, 
respectively. In this example, it is possible to extract a SHUMU plot by the time amount of about 1/8 
compared with the conventional circuit tester so that clearly from drawing 8 . Moreover, compared with 
the binary search technique, it realizes by almost equivalent time amount, and it is possible to extract an 
exact SHUMU plot by extraction time amount equivalent to the binary search technique also to the 
semiconductor device which has two or more boundary points of the good/defect which was not able to 
be evaluated by the binary search technique. 

[0071] Although the above-mentioned example described to the predetermined value of an axis of 
ordinate on the assumption that at least one boundary point existed When it differs from the judgment 
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result from which only the two-poles value of the 1st parameter of an axis of abscissa was examined 
and the judgment result was obtained by the 1st test area when the boundary point did not exist If it is 
made to examine until it discovers the new boundary point, it will become possible to apply also to the 
test condition which does not contain the boundary point. 

[0072] Moreover, although the judgment result storage memory 14 was formed and the judgment result 
was inade to memorize in the above-mentioned example, the same effectiveness can be acquired even if 
it makes the main storage or other storage in CPU 13 memorize. Moreover, if a free area is in the 
judgment result storage memory 14, even if it stores in the field, after acquiring the same effectiveness 
or eliminatmg the data of the judgment result storage memory 14, you may make it store the information 
about the boundary point, although the information about the boundary point searched from the data in 
the jiidgment result storage memory 14 was memorized in the main storage in CPUl 3 in the above- 
mentioned example. 

[0073] Moreover, by not forming the 2nd register 1 14 but using for example, a diagonal pattern etc 
based on the data about all the test areas currently stored in the 1st register 1 13, although the data about 
the 1st predetermined test area were stored in the 2nd register 1 14 in the above-mentioned example 
even if it devises the sequence which accesses the memory cell in a semiconductor memory I it ' 
becomes possible to judge a property comparatively for a short time. Drawing 9 is drawing showing a 
diagonal pattern. In this case, the memory cell of the slash shown in draMngi'turns into a memory cell 
which exammes as the 1st record section. Its property of the semiconductor device measured is not 
uniform to all test areas, and such a diagonal pattern is effective especially when the property of all test 
areas cannot be expressed with the test result of a predetermined partial part 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

precise?y '^""^"^ translated by computer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

prasdng.!] It is the block diagram showing the configuration of the important section of the testine 
device of the semiconductor device of one example of this invention. 

[Drawing 2 1 It is tiie flow chart which shows actuation of the testing device of the semiconductor device 
of one example of this invention. 

[ Drawing 3] It is dravwng showing an example of the 1st test area. 

drawing 4 ] It is drawing showing an example of the test result of the 1st test area 

[Dra.wing .5J It is drawing explaining the test procedure of the testing device of the semiconductor device 

ot one example of this invention. 

[Drawin g^ It is drawing showing the quality result obtained by the testing device of the semiconductor 
device of one example of this invention. 

[Drawing.7] It is drawing showing the point which actually examined with the testing device of the 
semiconductor device of one example of this invention. 

^?^S?^J J* ? '^"^'^'"^ *^ '^^^^^^ device capacity and the extraction time amount 

or a SHUMU plot. 

[Drgiving.SJ It is drawing showing a diagonal pattern. 

I Prawing 10] It is the block diagram showing the configuration of the important section of the testing 

device of the conventional semiconductor device. 

Pravyin gil] It is drawing showing an example of a SHUMU plot. 

[Drawing 12] It is drawing explaining the test procedure by the testing device of the conventional 
semiconductor device. 

[Drawing_13] It is the flow chart which shows actuation of the testing device of the conventional 
semiconductor device. 

[Drawing 14J It is drawing explaining the test procedure by the binary search technique using the testing 
device of the conventional semiconductor device. 

[Drawing IS ] It is a flow chart explaining actuation by the binary search technique using the testing 
device of the conventional semiconductor device. 

[Drawingi6] It is drawing showing the quality judging result at the time of examining a semiconductor 
device with two or more boundaries of good/defect. 

[Drawing 17] It is drawing showing the quality judging result at the time of examining the 
semiconductor device which has the property shown in drawing 16 by the binary search technique 
[Description of Notations] 

10 Circuit Tester 

1 1 Input Signal Generating Circuit 

12 Output Signal Generating Circuit 

13 CPU 

14 Judgment Resuh Storage Memory 
1 1 1 Output Circuit 
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1 12 Computing Element 

113 1st Register 

1 14 2nd Register 

115 Change-over Switch 

121 Input Circuit 

122 Quality Judging Circuit 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 7 
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[Drawing 10] 




[Drawing 11] 
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[Drawing 16] 
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